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Aims and objectives
Background:
• Bone marrow is a dynamic organ which is composed of fat, water, and protein. Bone strength has been shown to depend not only on bone mineral density (BMD) but also marrow quality [1] .
• Since the marrow transformation process is seen earlier on T1 -weighted MR images than on macroscopic analysis, MRI has become the noninvasive imaging modality of choice in diagnosing bone marrow disorders [2] . In contrast, relatively few MRI studies have examined quantitative measurements of bone marrow. This is typically done with MR spectroscopy whereby fat-water content is most accurately assessed [3, 4] . However, MR spectroscopy requires a substantial amount of postprocessing and may be impractical in some clinical settings.
•
The use of iterative decomposition of water and fat with echo asymmetry and least-squares estimation (IDEAL) as a fat quantification technique has been increasingly discussed in the literature, and Meisamy et al. recently reported IDEAL can accurately quantify fat by using MR spectroscopy as the reference standard in liver [5] .
Purpose:
To determine the reproducibility of the quantitative chemical shift-based water-fat separation method with a multiecho gradient echo sequence (known as IDEAL-IQ) for assessing bone marrow fat content at 3T MRI, to evaluate variation of marrow fat content at different bone sites, and to investigate its association with age and menopause.
Methods and materials

Subjects
• Forty-five consecutive female patients who underwent pelvic MR study including IDEAL IQ at 3T MRI were retrospectively evaluated.
• Participants with malignant tumors, hematopoietic disease, anemia, diabetes mellitus, autoimunine disease, and those with severe liver and renal function were excluded from this study.
• Finally, 31 (20 premenopausal and 11 postmenopausal) nonosteoporotic females were included in this study.
• MR imaging was performed with a 3-T MR imaging unit (Discovery MR750W 3.0T scanner, GE Healthcare, Waukesha, WI) and a 32-channel phasedarray torso coil. 
Image analysis
• Quantitative fat fraction using IDEAL-IQ of 4 sites (lumbar vertebral body, ilium, intertrochanteric region and greater trochanter of the femur) were analyzed. Maximum circular ROIs were drawn on these sites (Fig.1 ).Coronal and sagittal T2-weighted images were used for the reference. 
Results
•
The CV in the quantification of marrow fat content was ranging from 0.69 to 1.70%. • Statistically significant correlation was established between fat fraction and age in ilium, lumbar vertebral body, and intertrochanteric region of the femur (r=0.80, p < 0.001; r=0.77, p < 0.001; r=0.63, p < 0.001, respectively) (Figs.2&3).
Fig. 2:
A plot of percentage fat fraction vs. age for subjects in the ilium and the lumbar spine. There is a significant age-related increase in fat content in both sites. References: Radiology, Univ. of Occupational and Environmental HealthKitakyushu/JP
Fig. 3:
A plot of percentage fat fraction vs. age for subjects in the intertrochanteric region and the greater trochanter of the femur. There is a significant age-related increase in fat content in the intertrochanteric region but not in the greater trochanter. References: Radiology, Univ. of Occupational and Environmental Health -Kitakyushu/JP The average fat fraction of postmenopausal female was significantly higher than that of premenopausal female in these sites (p < 0.01) (Fig.4) .
Fig. 4:
Distributions of fat fractions in 4 bone sites between premenopausal and postmenopausal groups. The average fat fraction of postmenopausal female was significantly higher than that of premenopausal female in lumbar vertebral body, ilium, and intertrochanteric region of the femur (p < 0.01). In greater trochanter of the femur, there is no significant correlation between fat fraction and age. References: Radiology, Univ. of Occupational and Environmental HealthKitakyushu/JP • In greater trochanter of the femur, there was no significant correlation between fat fraction and age (Fig.3) . The average fat fraction of postmenopausal female was not significantly different from that of premenopausal female in this site (Fig.4) .
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Fig. 2:
A plot of percentage fat fraction vs. age for subjects in the ilium and the lumbar spine. There is a significant age-related increase in fat content in both sites.
Fig. 3:
A plot of percentage fat fraction vs. age for subjects in the intertrochanteric region and the greater trochanter of the femur. There is a significant age-related increase in fat content in the intertrochanteric region but not in the greater trochanter. 
Conclusion
• The proportion of bone marrow changes dramatically with age. The agerelated increase in fat content occurs first in peripheral and later in the axial skeleton [2] . In the peripheral bone, epiphyseal and apophyseal conversion, such as greater trochanter, to fatty marrow occurs first and the last parts to convert are the proximal humeral and femoral metaphyses [6] . Our results concur with the established age-related marrow fat transformation findings from analysis of macroscopic and histologic data. • In the lumbar spine there was a significant and gradual increase in fat fraction and the rate of increase in fat fraction per decade is equivalent to 6.4% in this study (Fig.2) . This compares favorably with previously reported values of 6-7.5 % by MR spectroscopy [7] [8] [9] .
• The incidence of osteoporosis in women is significantly increased after menopause [10, 11] . Postmenopausal women also have increased risks for fragility bone fracture. Recently, Patsch et al reported that bone marrow fat composition by MR spectroscopy is linked with fragility fractures in postmenopausal women and may serve as a novel tool for BMD independent fracture risk assessment [12] . This study demonstrated that IDEAL-IQ is a rapid and highly reproducible method for quantitatively assessing fat contents in bone marrow. Variations of marrow fat contents among the 4 myelopoietic sites and differentiation of those between preand post-menopausal females were also shown. These preliminary data suggest that IDEAL-IQ may be a practical tool for evaluating fat fraction and potentially fracture risk noninvasively.
Conclusion:
In vivo IDEAL-IQ provides reliable quantification of marrow fat with good reproducibility.
